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(54) PARTICLE DETECTOR AND AIR-CONDITIONER

(57) There is provided a particle detector that detects
biogenic particles with high sensitivity. The particle de-
tector includes a collecting member 10 having a principal
surface and configured to electrostatically collect parti-
cles on the principal surface, an irradiation unit 21 con-
figured to irradiate the particles collected on the principal
surface with excitation light, a light receiving unit 34 con-
figured to receive fluorescence emitted from the particles
by irradiation of the particles with the excitation light, and

a detection unit configured to detect biogenic particles
from the particles collected on the principal surface on
the basis of a fluorescence intensity in the light receiving
unit. The particle detector further includes a filter 37 dis-
posed between the principal surface and the light receiv-
ing unit cut light with a wavelength emitted by irradiation
of the excitation light from a substance that is generated
on the principal surface when the particles are electro-
statically collected.
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Description

Technical Field

[0001] The present invention relates to a particle de-
tector and an air conditioner, and more particularly, to a
particle detector and an air conditioner that detect bio-
genic particles.

Background Art

[0002] As a device for counting microorganisms serv-
ing as biogenic particles, for example, Japanese Unex-
amined Patent Application Publication No.
2008-1287935 (hereinafter referred to as PTL 1) disclos-
es a technique in which microorganisms are fixed on a
surface of a collection means, such as a membrane filter,
and are impregnated with a fluorescent staining reagent.
A fluorochrome is irradiated with excitation light, such as
laser light, and a fluorescent image of the surface is ac-
quired, and the microorganisms are detected by extract-
ing luminous points from the fluorescent image.

Citation List

Patent Literature

[0003] PTL 1: Japanese Unexamined Patent Applica-
tion Publication No. 2008-187935

Summary of Invention

Technical Problem

[0004] In the method for detecting fluorescence from
biogenic particles by irradiating the particles with excita-
tion light, when the excitation light reaches a light receiv-
ing unit, it becomes noise and decreases fluorescence
detection sensitivity of the light receiving unit. Even when
a laser light source is used as a light source as in PTL
1, a component to become noise exists. The noise com-
ponent affects the fluorescence detection sensitivity par-
ticularly in high-sensitivity measurement.
[0005] There is a limit to removal of such a noise com-
ponent only by separating excitation light by the filter,
and sufficient fluorescence detection sensitivity is some-
times not obtained. Particularly in high-sensitivity meas-
urement, the detection accuracy is impaired.
[0006] The present invention has been made in view
of such a problem, and an object of the invention is to
provide a particle detector and an air conditioner that
detect biogenic particles with high sensitivity.

Solution to Problem

[0007] To achieve the above object, according to an
aspect of the present invention, a particle detector in-
cludes a collecting member having a principal surface

and configured to electrostatically collect particles on the
principal surface, an irradiation unit configured to irradi-
ate the particles collected on the principal surface with
excitation light, a light receiving unit configured to receive
fluorescence emitted from the particles collected on the
principal surface by irradiation of the particles with the
excitation light, and a detection unit configured to detect
biogenic particles from the particles collected on the prin-
cipal surface on the basis of a fluorescence intensity in
the light receiving unit. The particle detector further in-
cludes a filter disposed between the principal surface and
the light receiving unit to cut light with a wavelength emit-
ted by irradiation of the excitation light from a substance
that is generated on the principal surface when the par-
ticles are electrostatically collected.
[0008] Preferably, the principal surface is a mirror sur-
face, and the fluorescence is specularly reflected by the
principal surface.
[0009] Preferably, the particle detector further includes
a heating unit configured to heat the particles, and the
filter cuts light with a wavelength of fluorescence from a
substance whose fluorescence amount changes be-
tween before and after heating with the heating unit, of
the substance generated when the particles are electro-
statically collected.
[0010] Preferably, the filter cuts light with a wavelength
of fluorescence from a nitric acid compound.
[0011] Preferably, a cutoff wavelength λi of the filter is
longer than or equal to 650 nm.
[0012] Preferably, the light receiving unit includes a
light collecting lens, and the light collecting lens contains
a material that absorbs the excitation light. According to
another aspect of the present invention, an air conditioner
includes the above-described particle detector and a dis-
play unit, and displays, on the display unit, a detection
result of a number of particles in the air detected by the
particle detector.

Advantageous Effects of Invention

[0013] According to the present invention, it is possible
to detect biogenic particles with high sensitivity.

Brief Description of Drawings

[0014]

[Fig. 1] Fig. 1 includes graphs showing the change
in fluorescence intensity of biogenic particles be-
tween before and after heating and the change in
fluorescence intensity of powder dust between be-
fore and after heating.
[Fig. 2] Fig. 2 illustrates a collection step for detecting
biogenic particles.
[Fig. 3] Fig. 3 illustrates a fluorescence measuring
step (before heating) for detecting the biogenic par-
ticles.
[Fig. 4] Fig. 4 illustrates a heating step for detecting
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the biogenic particles.
[Fig. 5] Fig. 5 illustrates a fluorescence measuring
step (after heating) for detecting the biogenic parti-
cles.
[Fig. 6] Fig. 6 illustrates a refresh step for detecting
the biogenic particles.
[Fig. 7] Fig. 7 is a graph showing the relationship
between an increase amount ΔF of fluorescence in-
tensity between before and after heating and the
concentration of biogenic particles.
[Fig. 8] Fig. 8 explains a detection state in an ideal
condition in a particle detector according to an em-
bodiment.
[Fig. 9] Fig. 9 shows the relationship between the
increase in stray light due to cleaning residues and
the dynamic range of fluorescence intensity.
[Fig. 10] Fig. 10 is a micrograph of a surface of a
collecting substrate on which cleaning residues are
left before heating.
[Fig. 11] Fig. 11 is a micrograph of the surface of the
collecting substrate on which cleaning residues are
left after heating.
[Fig. 12] Fig. 12 shows the relationship between the
change in stray light amount due to cleaning residues
between before and after heating and measurement
error of fluorescence intensity.
[Fig. 13] Fig. 13 is a graph showing a specific exam-
ple of a filter characteristic of a long pass filter.
[Fig. 14] Fig. 14 is an enlarged view of a portion where
the optical spectral intensity of excitation light shown
by curve (2) of Fig. 13 is low.
[Fig. 15] Fig. 15 is a perspective view illustrating an
appearance of the particle detector according to the
embodiment.
[Fig. 16] Fig. 16 is a perspective view illustrating an
exploded state of the particle detector illustrated in
Fig. 15.
[Fig. 17] Fig. 17 is an exploded perspective view il-
lustrating a detailed structure of the particle detector.
[Fig. 18] Fig. 18 is a cross-sectional view of the par-
ticle detector.
[Fig. 19] Fig. 19 is a schematic view illustrating the
behavior of light in an optical system included in the
particle detector.
[Fig. 20] Fig. 20 is a schematic view illustrating light
reflection on a principal surface of a substrate.
[Fig. 21] Fig. 21 is a graph showing a specific exam-
ple of a filter characteristic of a filter included in an
excitation optical system of the particle detector.
[Fig. 22] Fig. 22 is a schematic view of a cross section
of a Fresnel lens.
[Fig. 23] Fig. 23 is a graph showing a specific exam-
ple of a filter characteristic of a filter included in a
light receiving optical system of the particle detector.
[Fig. 24] Fig. 24 is a flowchart showing the flow of
operations of the particle detector.
[Fig. 25] Fig. 25 shows the time change of a fluores-
cence spectrum of Penicillium between before and

after heat treatment.
[Fig. 26] Fig. 26 shows a fluorescence spectrum of
fluorescence-emitting dust before heat treatment.
[Fig. 27] Fig. 27 shows a fluorescence spectrum of
the fluorescence-emitting dust after heat treatment.
[Fig. 28] Fig. 28 illustrates a specific example of an
appearance of an air purifier including the particle
detector.
[Fig. 29] Fig. 29 is a block diagram showing a specific
example of a functional configuration of the air puri-
fier.
[Fig. 30] Fig. 30 is a graph showing results of meas-
urement of the amount of stray light in three states,
that is, a state in which none of the filter included in
the excitation optical system and the filter included
in the light receiving optical system are provided
(state 1), a state in which only the former filter is
provided, but the latter filter is not provided (state 2),
and a state in which both of the filters are provided
(state 3).
[Fig. 31] Fig. 31 is a graph showing results of meas-
urement of the fluorescence intensity when a prede-
termined amount of Penicillium is collected on a sub-
strate 10 in three states, that is, the state in which
none of the filter included in the excitation optical
system and the filter included in the light receiving
optical system are provided (state 1), the state in
which only the former filter is provided, but the latter
filter is not provided (state 2), and the state in which
both of the filters are provided (state 3).
[Fig. 32] Fig. 32 shows filter characteristics of four
types of IR (infrared) filters serving as the filter in-
cluded in the light receiving optical system.
[Fig. 33] Fig. 33 is a graph showing results of meas-
urement of the amount of stray light and the fluores-
cence intensity when the four types of filters shown
in Fig. 32 are used.

Description of Embodiments

[0015] An embodiment of the present invention will be
described below with reference to the drawings. In the
following description, the same components and constit-
uent element are denoted by the same reference numer-
als. The same components and constituent element have
the same names and the same functions.

[Regarding Detection Principle of Biogenic Particles]

[0016] A particle detector according to the embodiment
is a device that detects biogenic particles such as pollen,
microorganisms, and mold. First, a description will be
given of the principle on which biogenic particles are de-
tected with the particle detector of the embodiment.
[0017] Fig. 1 includes graphs showing the change in
fluorescence intensity of biogenic particles between be-
fore and after heating and the change in fluorescence
intensity of powder dust between before and after heat-
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ing.
[0018] When biogenic particles suspended in the air is
irradiated with ultraviolet light or blue light, they emit flu-
orescence. However, particles that similarly emit fluores-
cence, such as lint of chemical fiber (hereinafter also re-
ferred to powder dust), are suspended in the air. Hence,
when only the fluorescence is detected, it is not deter-
mined whether the fluorescence is emitted from the bio-
genic particles or the powder dust.
[0019] On the other hand, when heat treatment is con-
ducted on biogenic particles and powder dust and the
changes in fluorescence intensity (fluorescence amount)
between before and after heating are measured, as
shown in Fig. 1, the intensity of fluorescence emitted from
the powder dust is not changed by the heat treatment,
as shown by Fig. 1(b), whereas the intensity of fluores-
cence emitted from the biogenic particles is increased
by the heat treatment, as shown in Fig. 1(a). In the particle
detector of the embodiment, the fluorescence intensity
of particles, in which biogenic particles and powder dust
are mixed, is measured before and after heating, and the
difference therebetween is obtained to specify the
number of biogenic particles.
[0020] Figs. 2 to 6 illustrate steps for detecting biogenic
particles. Referring to Fig. 2, first, particles are collected
on a collecting substrate 510 (collection step).
[0021] In this step, the collecting substrate 510 is
placed opposed to an electrostatic probe 530, and a po-
tential difference is generated between the collecting
substrate 510 and the electrostatic probe 530. When air
is introduced toward the collecting substrate 510 by driv-
ing a fan 500, particles 600 suspended in the air are
charged around the electrostatic probe 530. The charged
600 are attracted onto a surface of the collecting sub-
strate 510 by electrostatic force. The particles 600 col-
lected on the collecting substrate 510 contain biogenic
particles 600A and powder dust 600B such as lint of
chemical fiber.
[0022] Next, as illustrated in Fig. 3, the intensity of flu-
orescence emitted from the particles 600 before heating
is measured. In this step, excitation light is applied from
a light emitting element 550, such as a semiconductor
laser, toward the particles 600 collected on the collecting
substrate 510, and fluorescence emitted from the parti-
cles 600 is received by a light receiving element 565 via
a lens 560.
[0023] Next, as illustrated in Fig. 4, the particles 600
collected on the collecting substrate 510 are heated by
a heater 520. After heating, the collecting substrate 510
is cooled.
[0024] Next, as illustrated in Fig. 5, the intensity of flu-
orescence emitted from the particles 600 after heating is
measured. As described above, the intensity of fluores-
cence emitted from the powder dust 600B is not changed
by heat treatment, whereas the intensity of fluorescence
emitted from the biogenic particles 600A is increased by
heat treatment. For this reason, the fluorescence inten-
sity measured in this step is higher than the fluorescence

intensity measured before heating in the fluorescence
measuring step illustrated in Fig. 3.
[0025] Fig. 7 is a graph showing the relationship be-
tween an increase amount ΔF of fluorescence intensity
between before and after heating and the concentration
of biogenic particles. Referring to Fig. 7, an increase
amount ΔF1 of fluorescence intensity is calculated from
a difference between the fluorescence intensity before
heating and the fluorescence intensity after heating. On
the basis of a prepared relationship between the increase
amount ΔF of fluorescence intensity and a biogenic par-
ticle concentration N, a biogenic particle concentration
N1 corresponding to the calculated increase amount ΔF1
is specified. The correspondence relationship between
the increase amount ΔF and the biogenic particle con-
centration N is experimentally determined beforehand.
[0026] Fig. 6 illustrates the following refresh step. In
the refresh step, after detection of the biogenic particles
is finished, the particles 600 are removed from the col-
lecting substrate 510 by being raked off by an unillustrat-
ed brush.

[Description of Problems]

[0027] The particle detector of the embodiment detects
biogenic particles, such as pollen, microorganisms, and
mold, by utilizing the above-described detection princi-
ple. At that time, irradiation light from the light emitting
element 550, such as a semiconductor laser, contains a
noise component, and the noise component is included
as stray light in the intensity of light received by the light
receiving element 565.
[0028] Fig. 8 explains a detection state in an ideal con-
dition. That is, referring to Fig. 8, in an ideal condition, a
stray light component is removed by eliminating the dif-
ference between before and after heating, and only an
increase in fluorescence intensity between before and
after heating is detected.
[0029] However, if the particles 600 are not completely
removed from the collecting substrate 510 by cleaning
with the unillustrated brush in the refresh step illustrated
in Fig. 6, residues accumulate on the surface of the col-
lecting substrate 510.
[0030] A first problem occurs in that stray light increas-
es as cleaning residues increase. With the increase in
stray light, the dynamic range of the fluorescence inten-
sity decreases.
[0031] Fig. 9 shows the relationship between the in-
crease in stray light due to cleaning residues and the
dynamic range of the fluorescence intensity. Referring
to Fig. 9, when stray light increases owing to the cleaning
residues, the dynamic range of the detected fluorescence
intensity is reduced and becomes insufficient to detect
the fluorescence intensity. Thus, the measurement ac-
curacy of the fluorescence intensity decreases.
[0032] The size (shape) of cleaning residues is some-
times changed by heating. Figs. 10 and 11 are micro-
graphs of the surface of the collecting substrate 510 on
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which cleaning residues are left before and after heating,
respectively. Figs. 10 and 11 show that the particle size
(shape) of the cleaning residues is changed by heating.
For this reason, a second problem occurs in that the
amount of stray light is changed by the cleaning residues
between before and after heating. The change in amount
of stray light between before and after heating increases
measurement error of the fluorescence intensity.
[0033] Fig. 12 shows the relationship between the
change in amount of stray light due to cleaning residues
between before and after heating and the measurement
error of the fluorescence intensity. Referring to Fig. 12,
when the amount of stray light after heating decreases
to be less than the amount of stray light before heating,
measurement error occurs, that is, the increase amount
in fluorescence intensity is cancelled by the decrease,
and the increase amount in fluorescence is measured as
an increase amount smaller than an actual increase
amount.
[0034] For example, the easiest method for solving the
first problem and the second problem described above
is to remove cleaning residues. Although performance
of the brush needs to be enhanced for that purpose, it is
difficult to completely remove the cleaning residues, be-
cause not only particles are collected but also nitric acid
and a nitric acid compound are generated on the collect-
ing substrate owing to ozone at the time of electrostatic
collection.
[0035] Accordingly, to reduce the influence of cleaning
residues on the detection accuracy, the particle detector
of the embodiment includes an optical system such that
stray light is not generated even when cleaning residues
are left on the collecting substrate.
[0036] For example, a first cause of occurrence of stray
light due to cleaning residues is scattering of excitation
light by irregularities of the cleaning residues.
[0037] To deal with the above first cause, it is conceiv-
able to dispose a long pass filter in front of the light re-
ceiving element to block excitation light to be incident on
the light receiving element. Fig. 13 is a graph showing a
specific example of a filter characteristic of the long pass
filter. The horizontal axis in the graph of Fig. 13 indicates
the wavelength of light. The unit of the wavelength is nm.
The vertical axis in the graph of Fig. 13 indicates the
transmittance of the filter and the spectral intensity of
light. The unit of transmittance of the filter is %. The spec-
tral intensity of light refers to the relative value of spectral
intensity at each wavelength when the wavelength such
that the spectral intensity of excitation light or fluores-
cence becomes the highest is 100. In Fig. 13, curve (1)
shows the characteristic of the long pass filter, curve (2)
shows the spectral intensity of excitation light from the
semiconductor laser element, and curve (3) shows the
spectral intensity of fluorescence emitted from Penicil-
lium irradiated with the excitation light.
[0038] According to the filter characteristic shown by
curve (1), the long pass filter has the property of blocking
most of light with a wavelength of about 440 nm or less

and transmitting most of light with a wavelength of about
500 nm or more. The long pass filter functions as a high-
pass filter (or a low-cut filter) that blocks light with a wave-
length shorter than or equal to a predetermined threshold
value and transmits light with a wavelength longer than
or equal to the threshold value.
[0039] As shown by curve (2), excitation light from the
semiconductor laser has the peak value of optical spec-
tral intensity at a wavelength of about 400 nm. In contrast,
as shown by curve (3), the spectrum of fluorescence F
from Penicillium is measured in a wavelength range long-
er than or equal to about 460 nm, and the fluorescence
F has the peak value of optical spectral intensity at a
wavelength of about 530 nm.
[0040] By using the long pass filter having the filter
characteristic shown by curve (1), most of the excitation
light having the optical spectral intensity shown by curve
(2) is absorbed by the long pass filter, and incidence
thereof on the light receiving element is almost blocked.
In contrast, the fluorescence having the optical spectral
intensity shown by curve (3) enters the light receiving
element while mostly maintaining the optical spectral in-
tensity.
[0041] Fig. 14 is an enlarged view of a portion of the
excitation light where the optical spectral intensity shown
by curve (2) of Fig. 13 is low. As shown in Fig. 14, the
excitation light from the semiconductor laser shown by
curve (2) contains a faint and low component on a long
wavelength side. This faint and long-wavelength compo-
nent contained in the excitation light is considered to be
a main cause of stray light because it is not blocked by
the long pass filter having the filter characteristic of curve
(1).
[0042] Accordingly, in the particle detector of the em-
bodiment, incidence of the long-wavelength component
of the excitation light on the light receiving element is
blocked by utilizing a low pass filter (or a high cut filter)
to deal with the above first cause.
[0043] Next, emission of fluorescence from cleaning
residues irradiated with excitation light is given as a sec-
ond cause of the occurrence of stray light due to the
cleaning residues. As described above, when particles
are collected according to the above-described principle,
high voltage is applied between the collecting substrate
510 and the electrostatic probe 530, corona discharge is
caused, and ozone is generated. When the ozone is gen-
erated, nitrogen oxide is generated, and the nitrogen ox-
ide reacts with moisture in the air, so that nitric acid is
generated. The generated nitric acid adheres to the col-
lecting substrate. Alternatively, the nitric acid is accumu-
lated on the collecting substrate as a nitric acid compound
such as nitrate. It is known that the nitric acid and the
nitric acid compound are phosphors and emit fluores-
cence containing many infrared components when irra-
diated with laser light.
[0044] Accordingly, in the particle detector of the em-
bodiment, to deal with the above-described first cause,
an IR (infrared) cut filter is provided in front of the light
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receiving element to block incidence of infrared compo-
nents on the light receiving element.

[Overall Configuration of Particle Detector]

[0045] Fig. 15 is a perspective view illustrating an ap-
pearance of a particle detector 1 according to the em-
bodiment. Fig: 16 is a perspective view illustrating an
exploded state of the particle detector 1 of Fig. 1. Fig. 17
is an exploded perspective view illustrating a detailed
structure of the particle detector 1. The particle detector
1 of the embodiment is a device that detects biogenic
particles such as pollen, microorganisms, and mold.
[0046] The particle detector 1 of the embodiment in-
cludes an upper cabinet 2 serving as a first housing, and
a lower cabinet 5 serving as a second housing. The upper
cabinet 2 is shaped like a substantially rectangular flat
plate. The lower cabinet 5 is shaped like a substantially
rectangular parallelepiped container having a bottom and
opening in one direction. The upper cabinet 2 and the
lower cabinet 5 are assembled such that the upper cab-
inet 2 closes an opening of the lower cabinet 5 like a lid,
so that a hollow cabinet having an outer shape like a
substantially rectangular parallelepiped is formed.
[0047] Devices that constitute the particle detector 1,
such as a collecting unit 60, an excitation optical system
20, a light receiving optical system 30, and a cleaning
unit 96, except for a fan 92, are contained in the cabinet.
As an example, the cabinet has a size of 60 mm x 50 mm
(length and width of the upper cabinet 2) x 30 mm (height).
[0048] A collecting cylinder 4 serving as a cylindrical
member is provided integrally with the upper cabinet 2.
The collecting cylinder 4 is shaped like a hollow cylinder,
and extends from the upper cabinet 2 into the inside of
the particle detector 1 while being attached at one end
to a lower surface of the upper cabinet 2. The upper cab-
inet 2 has an introducing portion 3 that penetrates a part
of the upper cabinet 2 in a thickness direction. The out-
side of the particle detector 1 and the inside of the col-
lecting cylinder 4 communicate with each other via the
introducing portion 3. The collecting cylinder 4 is provided
to surround a below-described electrostatic probe 62. Air
containing particles is introduced from the introducing
portion 3 into the collecting cylinder 4. The collecting cyl-
inder 4 guides the air containing particles toward a sub-
strate 10 positioned opposed to the electrostatic probe
62.
[0049] A fan 92 is attached to an outer side of a bottom
surface of the lower cabinet 5. The bottom surface of the
lower cabinet 5 to which the fan 92 is attached has an
aperture. This aperture opens to include an area opposed
to the collecting cylinder 4 and an area opposed to a
below-described brush 97, and is continuously formed
by the area opposed to the collecting cylinder 4 and the
area opposed to the brush 97.
[0050] The fan 92 can be rotationally driven in a forward
direction and a reverse direction. When the fan 92 is driv-
en in the forward direction, air in an inner space of the

particle detector 1 is exhausted out of the particle detector
1 through the fan 92. When the fan 92 is driven in the
reverse direction, air outside the particle detector 1 is
introduced into the inner space of the particle detector 1
through the fan 92. The fan 92 is used for collection of
particles into the particle detector 1, cooling of the parti-
cles after heating, and cleaning of the substrate 10 for
collecting the particles. This reduces the size and cost
of the particle detector 1.
[0051] The particle detector 1 includes a collecting unit
60. The collecting unit 60 collects particles contained in
air onto a principal surface 11 of a substrate 10 serving
as a collecting member. The collecting unit 60 includes
a collection power-supply circuit 61 formed by a high-
voltage power supply, and an electrostatic probe 62 serv-
ing as a discharge electrode. The substrate 10 has the
principal surface 11. The substrate 10 is provided as a
collecting member that collects, onto the principal surface
11, particles in which biogenic particles and powder dust,
such as lint of chemical fiber, are mixed.
[0052] The substrate 10 is formed by a silicon flat plate.
On the principal surface 11 of the substrate 10 for attract-
ing particles, a conductive transparent coating is provid-
ed. The substrate 10 is not limited to silicon, but may be
formed of glass, a ceramic material, or metal. The coating
is not limited to the transparent coating, but, for example,
a metallic coating may be provided on the surface of the
substrate 10 formed of a ceramic material. When the sub-
strate 10 is formed of metal, it is unnecessary to form a
coating on the surface of the substrate 10. As long as
the substrate 10 is a silicon substrate, the material itself
is inexpensive, and it is easy to conduct mirror finishing
on the principal surface 11 and to form the conductive
coating on the principal surface 11.
[0053] The collection power-supply circuit 61 is provid-
ed as a power supply part that produces a potential dif-
ference between the substrate 10 and the electrostatic
probe 62. The electrostatic probe 62 extends from the
collection power-supply circuit 61, penetrates the collect-
ing cylinder 4, and reaches an inner portion of the col-
lecting cylinder 4. The substrate 10 is disposed opposed
to the electrostatic probe 62. In this embodiment, the
electrostatic probe 62 is electrically connected to a pos-
itive electrode of the collection power-supply circuit 61.
The coating provided on the principal surface 11 of the
substrate 10 is electrically connected to a negative elec-
trode of the collection power-supply circuit 61.
[0054] The electrostatic probe 62 may be electrically
connected to the positive electrode of the collection pow-
er-supply circuit 61, and the coating provided on the sub-
strate 10 may be connected to a ground potential. Alter-
natively, the electrostatic probe 62 may be electrically
connected to the negative electrode of the collection pow-
er-supply circuit 61, and the coating provided on the sub-
strate 10 may be electrically connected to the positive
electrode of the collection power-supply circuit 61.
[0055] When the fan 92 is driven in the forward direc-
tion, air in the cabinet of the particle detector 1 is exhaust-
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ed, and simultaneously, air outside the cabinet is intro-
duced toward the substrate 10 through the collecting cyl-
inder 4. At this time, when a potential difference is pro-
duced between the electrostatic probe 62 and the sub-
strate 10 by the collection power-supply circuit 61, parti-
cles in the air are positively charged around the electro-
static probe 62. The positively charged particles are
moved to the substrate 10 by electrostatic force, are at-
tracted on the conductive coating provided on the prin-
cipal surface 11 of the substrate 10, and are thereby col-
lected on the substrate 10.
[0056] In this way, in the particle detector 1 of the em-
bodiment, particles are collected on the substrate 10 by
charge collection utilizing electrostatic force. In this case,
it is possible to reliably hold the particles on the substrate
10 during detection of the particles and to easily remove
the particles from the substrate 10 after detection of the
particles. By using the needle-like electrostatic probe 62
as a discharge electrode, the charged particles can be
attracted on the surface of the substrate 10 opposed to
the electrostatic probe 62 and in an extremely narrow
region corresponding to an irradiation region of a below-
described light emitting element. This allows attracted
microorganisms to be efficiently detected in the fluores-
cence measuring step.
[0057] The particle detector 1 includes an excitation
optical system 20 and a light receiving optical system 30.
The excitation optical system 20 functions as a light irra-
diation unit that irradiates particles collected on the prin-
cipal surface 11 of the substrate 10 with excitation light.
The light receiving optical system 30 functions as a light
receiving unit that receives fluorescence emitted from
the particles with irradiation with excitation light from the
excitation optical system 20. The excitation optical sys-
tem 20 and the light receiving optical system 30 constitute
a fluorescence detection unit that detects fluorescence
emitted from the particles collected on the substrate 10.
The excitation optical system 20 and the light receiving
optical system 30 carry out measurement of fluorescence
emitted from the particles collected on the substrate 10
before and after the particles are heated.
[0058] The excitation optical system 20 includes a light
emitting element 21 serving as a light source, an exciting-
portion frame 22, a light collecting lens 24, a lens presser
25, and a filter 26. As the light emitting element 21, a
semiconductor laser element for emitting blue laser light
with a wavelength of 405 nm is used. Alternatively, an
LED (Light Emitting Diode) may be used as the light emit-
ting element 21. The wavelength of light emitted from the
light emitting element 21 may be in an ultraviolet range
or a visible range as long as the light excites biogenic
particles to cause fluorescence emission.
[0059] The light receiving optical system 30 includes
a metallic noise shield 36, a light receiving element 34,
a filter 37, a light-receiving portion frame 33, a Fresnel
lens 32, and a lens presser 31. As the light receiving
element 34, a photodiode or an image sensor is used for
example. Between the light receiving element 34 and the

noise shield 36, an amplifying circuit 55 is disposed to
amplify signals detected by the light receiving element
34.
[0060] A cleaning unit 96 removes particles from the
principal surface 11 of the substrate 10. The cleaning
unit 96 includes a brush 97 serving as a cleaner, and a
brush fixing portion 98. The cleaning unit 96 is fixedly
supported on the collection power-supply circuit 61.
[0061] The brush 97 is formed by a fiber assembly hav-
ing conductivity. For example, the brush 97 is formed of
carbon fiber. The fiber diameter of the fiber assembly that
forms the brush 97 is preferably within a range of 0.05
to 0.2 mm. One end of the brush 97 is supported by the
brush fixing portion 98, and the other end thereof is a
free end hanging from the brush fixing portion 98. As the
brush 51 moves relative to the substrate 10 with the free
end of the brush 97 being in contact with the principal
surface 11 of the substrate 10, particles are removed
from the substrate 10.
[0062] The collector for removing particles from the
substrate 10 is not limited to the brush 97. For example,
the collector may be a wiper shaped like a flat plate in
contact with the principal surface 11 of the substrate 10,
or a nozzle for jetting air toward the principal surface 11
of the substrate 10.
[0063] The particle detector 1 further includes a holding
member 80 on which the substrate 10 is mounted and
held, and a driving unit 70 serving as a moving mecha-
nism for moving the substrate 10. The driving unit 70
includes a rotary motor 71 to be rotationally driven, a
motor holder 72 for holding the rotary motor 71, and a
motor presser 73 for positioning the rotary motor 71.
[0064] The holding member 80 includes a rotary base
81. The rotary base 81 is formed of a resin material having
low thermal conductivity. The rotary base 81 has a shaft
hole 82. By inserting an output shaft of the rotary motor
71 in the shaft hole 82, the rotary motor 71 and the rotary
base 81 are coupled to each other. Upon driving of the
rotary motor 71, the rotary base 81 rotates (forward, in
reverse) about the position of the shaft hole 82.
[0065] The holding member 80 includes an arm 83 ex-
tending away from a rotation shaft of the rotary base 81.
The arm 83 extends in a radial direction orthogonal to
the rotation shaft of the rotary base 81, and has a frame-
shaped portion at a distal end thereof. The frame-shaped
portion has a shape such as to be able to receive the
substrate 10. The substrate 10 is mounted on the holding
member 80 by being received in the frame-shaped por-
tion provided at the distal end of the arm 83.
[0066] The particle detector 1 includes a heater 91
serving as a heating unit. The heater 91 is disposed on
a back surface of the substrate 10, and heats particles
collected on the principal surface 11 of the substrate 10.
The heater 91 is stuck on the back surface of the sub-
strate 10. The heater 91 moves together with the sub-
strate 10 during rotation of the rotary base 81. To the
heater 91, a plurality of lines, including a power supply
line to the heater 91 and a signal line of a sensor incor-
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porated in the heater 91, are connected. These lines are
led out of the cabinet of the particle detector 1.
[0067] A position sensor 76 is disposed on a side sur-
face of the lower cabinet 5. The substrate 10 is moved
in the cabinet of the particle detector 1 by rotation of the
rotary motor 71. The position sensor 76 is provided to
detect the current position of the substrate 10.

[Structure of Fluorescence Detecting Unit]

[0068] Fig. 18 is a cross-sectional view of the particle
detector 1. Fig. 19 schematically illustrates the behavior
of light in the optical system included in the particle de-
tector 1. Fig. 20 schematically illustrates light reflection
on the principal surface 11 of the substrate 10.
[0069] As described above, the excitation optical sys-
tem 20 for irradiating the principal surface 11 of the sub-
strate 10 with excitation light includes the light emitting
element 21, the light collecting lens 24, and the filter 26.
[0070] It is only necessary that a cutoff wavelength λs
of the filter 26 should be shorter than or equal to a cutoff
wavelength λ1 in the filter function of an absorbent 32b
contained in a below-described Fresnel lens 32 (λ1 ≥ λs).
Preferably, the cutoff wavelength λs of the filter 26 is
longer than or equal to 430 nm. Specifically, Fig. 21 is a
graph showing a specific example of a filter characteristic
of the filter 26, and shows the filter characteristic when
an angle formed by the optical axis and the principal sur-
face is 20° and 0°. The horizontal axis indicates the wave-
length of light. The unit of the wavelength is nm. The
vertical axis indicates the transmittance of the filter. The
unit of the transmittance of the filter is %.
[0071] As shown in Fig. 21, for example, the filter 26
has the property of blocking most of light having a wave-
length longer than or equal to about 430 nm (= λs) and
transmitting most of light having a wavelength shorter
than or equal to about 430 nm (= λs). The filter 26 func-
tions as a low pass filter (or a high cut filter) for blocking
light with a wavelength longer than or equal to a prede-
termined threshold value and transmitting light with a
wavelength shorter than or equal to the threshold value.
[0072] When excitation light EL generated by the light
emitting element 21 serving as a semiconductor laser
element passes through the filter 26, it is not absorbed
by the absorbent 32b contained in the below-described
Fresnel lens 32, but a wavelength of about 500 nm or
more to become a noise component is cut.
[0073] After passing through the filter 26, the excitation
light EL is collected via the light collecting lens 24, and
is applied onto an excitation-light irradiation region 104
on the principal surface 11 of the substrate 10. The ex-
citation light EL obliquely enters the principal surface 11
of the substrate 10. In Figs. 19 and 20, a one-dot chain
line denoted by symbol OD1 represents a ray direction
of the excitation light EL. Here, the ray direction refers to
a traveling direction of a luminous flux component of light
(in this case, excitation light EL). In other words, the ray
direction OD1 of the excitation light EL is an optical axis

of the excitation optical system 20.
[0074] The principal surface 11 of the substrate 10 is
a mirror surface. The excitation light EL incident on the
principal surface 11 at an incident angle θ is specularly
reflected by the principal surface 11. Light obtained by
regular reflection of the excitation light EL on the principal
surface 11 forms reflected light RL. In Figs. 19 and 20,
a one-dot chain line denoted by symbol OD2 represents
a ray direction of the reflected light RL. Since the excita-
tion light EL is obliquely incident on the principal surface
11 of the substrate 10, the reflected light RL specularly
reflected by the principal surface 11 is also obliquely re-
flected relative to the principal surface 11.
[0075] In Fig. 20, a one-dot chain line denoted by sym-
bol A represents an optical axis of the light receiving op-
tical system 30, that is, an optical axis of the Fresnel lens
32. The ray direction OD1 of the excitation light EL and
the ray direction OD2 of the reflected light RL intersect
the optical axis A. The ray directions OD1 and OD2 are
at an angle to the optical axis A. The ray directions OD1
and OD2 are at an angle to an extending direction of the
principal surface 11 of the substrate 10. Fig. 20 also
shows a distance T between the principal surface 11 of
the substrate 10 and the Fresnel lens 32.
[0076] Since the principal surface 11 is formed as a
mirror surface, stray light is prevented from being caused
by scattering of the excitation light EL on the principal
surface 11. For this reason, it is possible to prevent the
detection accuracy of the particle detector 1 from being
reduced by the stray light as noise. When the principal
surface 11 is a mirror surface, little scattering light is pro-
duced at reflection of the excitation light EL on the prin-
cipal surface 11. Hence, interference due to stray light
can be avoided by preventing only the reflected light RL,
which is obtained from regular reflection of the excitation
light EL by the principal surface 11, from being mixed
into the light receiving optical system 30.
[0077] Further, since the filter 26 is provided, when
cleaning residues are left by the brush 97 on the principal
surface 11 of the substrate 10, the detection accuracy of
the particle detector 1 can be prevented from being im-
paired by incidence, on the light receiving element 34, a
component as noise that is not absorbed by the absorb-
ent 32b contained in the below-described Fresnel lens
32, of excitation light EL scattered by irregularities on
surfaces of the cleaning residues.
[0078] Particles 100 are collected in the excitation-light
irradiation region 104. The particles 100 include biogenic
particles 101 such as microorganisms, and non-biogenic
dust 102 such as lint of chemical fiber. In Fig. 5, arrows
denoted by symbol F represent fluorescence emitted
from the particles 100. Fluorescence F is emitted in all
directions from portions of surfaces of the particles 100
irradiated with excitation light EL. Fluorescence F
traveling toward the light receiving optical system 30 is
collected via the Fresnel lens 32, and is received by the
light receiving element 34 via the filter 37. By using the
Fresnel lens 32 as the light collecting lens for collecting
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the fluorescence F, the thickness of the light collecting
lens can be reduced. This achieves reduction in size and
weight of the particle detector 1.
[0079] The fluorescence F is emitted in all directions
with no directivity from the particles 100 irradiated with
the excitation light EL. Part of the fluorescence F directly
travels from the particles 100 toward the Fresnel lens 32,
and another part of the fluorescence F is emitted from
the particles 100 toward the principal surface 11 of the
substrate 10. When the principal surface 11 is a mirror
surface, the fluorescence F is specularly reflected by the
principal surface 11, and the reflected fluorescence F
travels toward the Fresnel lens 32. Hence, the intensity
of the fluorescence F collected by the Fresnel lens 32
and received by the light receiving element 34 can be
increased. This can improve the detection sensitivity of
the light receiving element 34 to the fluorescence F.
[0080] When the Fresnel lens 32 is disposed at a po-
sition at the distance T from the principal surface 11 of
the substrate 10, the excitation light EL traveling toward
the principal surface 11 of the substrate 10 and the re-
flected light RL regularly reflected by the principal surface
11 do not enter the Fresnel lens 32. Light that enters the
Fresnel lens 32 is limited to only fluorescence F emitted
from the particles 100, and neither the excitation light EL
nor the reflected light RL is collected by the Fresnel lens
32. The light receiving optical system 30 is disposed at
a position such that the excitation light EL and the reflect-
ed light RL do not enter the Fresnel lens 32 and the light
receiving element 34 does not receive the excitation light
EL and the reflected light RL. By doing this, the excitation
light EL and the reflected light RL can be reliably sepa-
rated from the fluorescence F, and the excitation light EL
or the reflected light RL can be prevented from becoming
noise in detection of the fluorescence F. Hence, the de-
tection sensitivity to the fluorescence F can be improved.
[0081] Fig. 22 schematically illustrates a cross section
of the Fresnel lens 32. The Fresnel lens 32 is formed of
a material containing a matrix 32a and absorbent 32b
finely dispersed in the matrix 32a. The matrix 32a is
formed of an arbitrary material that can be used as the
Fresnel lens 32, and for example, may be formed of an
acrylic material or a glass material that transmits fluores-
cence F. The absorbent 32b absorbs a light beam includ-
ing a wavelength of excitation light EL. The absorbent
32b prevents the light beam including the wavelength of
the excitation light EL from passing through the Fresnel
lens 32. The Fresnel lens 32 has a filtering function for
blocking the excitation light EL and the reflected light RL.
[0082] The absorbent 32b has the filter characteristic
of the long pass filter shown by curve (1) of Fig. 13. That
is, according to the filter characteristic shown by curve
(1), the absorbent 32b has the property of blocking most
of light with a wavelength shorter than or equal to about
440 nm and transmitting most of light with a wavelength
longer than or equal to about 500 nm or more. The ab-
sorbent 32b has the property as a high pass filter (or a
low cut filter) for blocking light with a wavelength shorter

than or equal to a predetermined threshold value and
transmitting light with a wavelength longer than or equal
to the threshold value.
[0083] As shown by curve (2), excitation light EL from
the semiconductor laser has the peak value of optical
spectral intensity at a wavelength of about 400 nm, and
the spectrum is not measured in the other wavelength
ranges. In contrast, as shown by curve (3), the spectrum
of fluorescence F from Penicillium is measured in a wave-
length range longer than or equal to about 460 nm, and
the fluorescence F has the peak value of optical spectral
intensity at a wavelength of about 530 nm.
[0084] Since the absorbent 32b having the filter char-
acteristic shown by curve (1) is dispersed in the Fresnel
lens 32, when excitation light EL having the optical spec-
tral intensity shown by curve (2) enters the Fresnel lens
32, it is absorbed and blocked by the absorbent 32b. In
contrast, when the fluorescence F having the optical
spectral intensity shown by curve (3) enters the Fresnel
lens 32, it passes through the Fresnel lens 32 while most-
ly maintaining the optical spectral intensity.
[0085] By providing the Fresnel lens 32 with such a
filter function, even if the excitation light EL or the reflect-
ed light RL erroneously enters the Fresnel lens 32, it can
be blocked by the Fresnel lens 32. Thus, since a structure
in which fluorescence F selectively passes through the
Fresnel lens 32 is provided, noise is prevented from en-
tering the light receiving element 34 for detecting the flu-
orescence F, and the detection sensitivity to the fluores-
cence F can be improved.
[0086] The filter 37 is an IR (infrared) cut filter, and it
is only necessary that a cutoff wavelength λi thereof
should be longer than or equal to the wavelength of in-
frared light (about 780 nm). Preferably, the cutoff wave-
length λi is longer than or equal to 650 nm. Specifically,
Fig. 23 is a graph showing a specific example of a filter
characteristic of the filter 37. The horizontal axis indicates
the wavelength of light. The unit of the wavelength is nm.
The vertical axis indicates the transmittance of the filter.
The unit of the transmittance of the filter is %.
[0087] As shown in Fig. 23, the filter 37 of this example
has the property of blocking most of light with a wave-
length longer than or equal to about 650 nm (= λi) and
transmitting most of light with a wavelength longer than
or equal to about 650 nm (= λi). That is, the filter 37 blocks
light with a wavelength within an infrared region and
transmits light with a wavelength shorter than or equal
to the wavelength in the infrared region.
[0088] When light transmitted by the Fresnel lens 32
passes through the filter 37, an infrared component is cut
from the light transmitted by the Fresnel lens 32, and the
light enters the light receiving element 34. For this reason,
when nitric acid or a nitric acid compound serving as
cleaning residues are left by the brush 97 on the principal
surface 11 of the substrate 10, the detection accuracy of
the particle detector 1 can be prevented from being im-
paired by incidence of fluorescence as noise containing
many infrared components that are generated by irradi-
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ation of the cleaning residues with excitation light EL.

[Operation of Particle Detector]

[0089] A description will be given of operations for de-
tecting the number of biogenic particles 101 with the par-
ticle detector 1 having the above-described structure.
Fig. 24 is a flowchart showing a flow of operations of the
particle detector 1.
[0090] Referring to Fig. 24, first, particles 100 are col-
lected on the principal surface 11 of the substrate 10
(S101). At this time, air is introduced into the cabinet of
the particle detector 1 through the introducing portion 3
by driving the fan 92 in a forward direction to form an
airflow traveling toward the principal surface 11 of the
substrate 10. In addition, the electrostatic probe 62 is
positioned opposed to the principal surface 11 of the sub-
strate 10, and a potential difference is produced between
the electrostatic probe 62 and the substrate 10 by the
collection power-supply circuit 61. Particles 100 sus-
pended in the air are thereby charged, and the charged
particles 100 are collected onto the principal surface 11
of the substrate 10 by electrostatic force.
[0091] Next, the excitation optical system 20 applies
excitation light EL to the particles 100 collected on the
substrate 10, and the light receiving optical system 30
receives fluorescence F emitted from the particles 100
upon irradiation with the excitation light EL. The light emit-
ting element 21 formed by the semiconductor laser ele-
ment applies excitation light EL to the particles 100, and
the light receiving element 34 receives fluorescence F
emitted from the particles 100 at this time via the Fresnel
lens 32. The fluorescence intensity before heating of the
particles 100 collected on the substrate 10 is thereby
measured (S102).
[0092] Next, the particles 100 collected on the sub-
strate 10 are heated by energizing the heater 91 (S103).
Next, energization of the heater 91 is stopped, and the
substrate 10 is cooled (S104). At this time, air is intro-
duced into the cabinet of the particle detector 1 through
the fan 92 to promote cooling of the substrate 10 by driv-
ing the fan 92 in a reverse direction.
[0093] Next, the excitation optical system 20 applies
excitation light EL onto the particles 100 collected on the
substrate 10, and the light receiving optical system 30
receives fluorescence F emitted from the particles 100
upon irradiation with the excitation light EL. The fluores-
cence intensity after heating of the particles 100 collected
on the substrate 10 is thereby measured (S105). By com-
paring the intensity of the fluorescence F before heating
and the intensity of the fluorescence F after heating, the
number of biogenic particles 101 included in the particles
100 collected on the substrate 10 is calculated (S106).
[0094] Fig. 25 shows the time change in fluorescence
spectrum of Penicillium between before and after heat
treatment. Fig. 25 shows measurement results of the flu-
orescence spectrum before heat treatment (curve C1)
and after heat treatment (curve C2) when Penicillium is

heated as examples of biogenic particles 101 at 200°C
for five minutes. These results show that the intensity of
fluorescence from the Penicillium is greatly increased by
conducting heat treatment.
[0095] Fig. 26 shows the fluorescence spectrum of flu-
orescence-emitting dust before heat treatment. Fig. 27
shows the fluorescence spectrum of the fluorescence-
emitting dust after heat treatment. Fig. 26 and Fig. 27
show measurement results of the fluorescent spectrum
before heat treatment (curve C3) and after heat treatment
(curve C4), respectively, when the fluorescence-emitting
dust is heated at 200°C for five minutes. It is verified that
the fluorescence spectrum shown by curve C3 and the
fluorescence spectrum shown by curve C4 are nearly
aligned with each other. That is, it is found that the inten-
sity of fluorescence from the dust does not change be-
tween before and after heat treatment.
[0096] When the biogenic particles 101 suspended in
the air are irradiated with ultraviolet light or blue light,
they emit fluorescence F. However, dust 102 that simi-
larly emits fluorescence, such as lint of chemical fiber, is
suspended in the air. Hence, when only the fluorescence
F is detected, it is not determined whether the fluores-
cence F is emitted from the biogenic particles 101 or the
dust 102.
[0097] On the other hand, when the biogenic particles
101 and the dust 102 are subjected to heat treatment
and changes in fluorescence intensity (fluorescence
amount) between before and after heating are measured,
the intensity of fluorescence emitted from the dust 102
is not changed by heat treatment, whereas the intensity
of fluorescence emitted from the biogenic particles 101
is increased by heat treatment. In the particle detector 1
of the embodiment, the fluorescence intensity of the par-
ticles 100, in which the biogenic particles 101 and the
dust 102 are mixed, is measured before and after heating,
and a difference between the measured fluorescence in-
tensities is found to specify the number of biogenic par-
ticles 101.
[0098] The intensity of fluorescence F emitted from the
biogenic particles 101 is increased by heat treatment.
For this reason, in Step (S105), a fluorescence intensity
higher than the fluorescence intensity measured before
heating in Step (S102) is measured. An increase amount
in fluorescence intensity is calculated from the difference
between the fluorescence intensity before heating and
the fluorescence intensity after heating. On the basis of
a prepared relationship between the increase amount in
fluorescence intensity and the concentration of biogenic
particles, the concentration of biogenic particles 101 cor-
responding to the calculated increase amount can be
specified. The correspondence relationship between the
increase amount and the concentration of biogenic par-
ticles is experimentally determined beforehand.

[Configuration of Particle Removing Apparatus]

[0099] The particle detector 1 of the embodiment may
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be used alone as a device for detecting biogenic particles
101, or may be incorporated in home electric appliances
such as an air purifier, an air conditioner, a humidifier, a
dehumidifier, a vacuum cleaner, a refrigerator, and a tel-
evision. Fig. 28 illustrates a specific example of an ap-
pearance of an air purifier 300 including the particle de-
tector 1. The air purifier 300 is an example of a particle
removing apparatus that efficiently removes biogenic
particles 101 detected by the particle detector 1.
[0100] The air purifier 300 includes a switch 310 that
receives operation instructions, and a display panel 330
that displays detection results and so on. The air purifier
300 also includes other unillustrated elements such as a
suction opening through which air is introduced and an
exhaust opening through which air is exhausted. The air
purifier 300 further includes a communication unit 350 in
which a recording medium is loaded. The communication
unit 350 may provide connection to a communication line
for communicating with other apparatuses through the
Internet. Alternatively, the communication unit 350 may
communicate with other apparatuses, for example,
through infrared communication or through the Internet.
The particle detector 1 is disposed within a housing of
the air purifier 300. The air purifier 300 can efficiently
purify ambient air by virtue of the particle detector 1 that
can accurately detect biogenic particles 101 and can
achieve size reduction.
[0101] Fig. 29 is a block diagram of a specific example
of a functional configuration of the air purifier 300. Fig.
29 illustrates an example in which the functions of a signal
processing unit 50 are implemented by hardware config-
uration mainly of electric circuitry. However, at least part
of these functions may be implemented by software con-
figuration realized by an unillustrated CPU (Central
Processing Unit) included in the signal processing unit
50 to execute a predetermined program. Further, Fig. 29
illustrates an example in which the function of a meas-
uring unit 40 is implemented by software configuration.
However, at least part of the functions may be realized
by hardware configuration such as electric circuitry.
[0102] Referring to Fig. 29, the signal processing unit
50 includes a current-voltage converting circuit 54 con-
nected to the light receiving element 34, and an integrat-
ing amplifying circuit 55 connected to the current-voltage
converting circuit 54.
[0103] The measuring unit 40 includes a control unit
41, a storage unit 42, and a clock generating unit 43. The
measuring unit 40 further includes an input unit 44 that
receives input information by receiving an input signal
from the switch 310 upon operation of the switch 310, a
display unit 45 that executes processing for displaying,
for example, measurement results on the display panel
330, an external connection unit 46 that executes
processing necessary for exchanging data and the like
with an external apparatus connected to the communi-
cation unit 350, and a driving unit 48 that drives the fan
92 and the heater 91.
[0104] When particles 100 collected on the principal

surface 11 of the substrate 10 are irradiated with excita-
tion light EL from the light emitting element 21, fluores-
cence F from the particles 100 in the excitation-light ir-
radiation region 104 is collected at the light receiving el-
ement 34. The light receiving element 34 outputs a cur-
rent signal in accordance with the amount of received
light to the signal processing unit 50. The current signal
is input to the current-voltage converting circuit 54.
[0105] The current-voltage converting circuit 54 de-
tects a peak current value H, which represents the fluo-
rescence intensity, from the current signal input from the
light receiving element 34, and converts the peak current
value H into a voltage value Eh. The voltage value Eh is
amplified by a preset gain by the amplifying circuit 55,
and is output to the measuring unit 40. The control unit
41 of the measuring unit 40 receives the input of the volt-
age value Eh from the signal processing unit 50, and
stores the input in the storage unit 42 in order.
[0106] The clock generating unit 43 generates and out-
puts clock signals to the control unit 41. With the timing
based on the clock signals, the control unit 41 outputs
control signals for rotating the fan 92 to the driving unit
48, and controls introduction of air by the fan 92. Further,
the control unit 41 is electrically connected to the light
emitting element 21 and the light receiving element 34,
and controls ON/OFF of these elements.
[0107] The control unit 41 includes a calculation unit
411. The calculation unit 411 performs operation for cal-
culating the number of biogenic particles in the intro-
duced air by using the voltage value Eh stored in the
storage unit 42.
[0108] The concentration of the biogenic particles 101
in the collected particles 100, which is calculated by the
calculation unit 411, is output from the control unit 41 to
the display unit 45. The display unit 45 performs process-
ing for displaying the input concentration of microorgan-
isms on the display panel 330. For example, the display
panel 330 has lamps corresponding to concentrations,
and the display unit 45 specifies a lamp corresponding
to the calculated concentration as a lamp to be lighted,
and lights the lamp. As another example, a lamp may be
lighted in different colors according to the calculated con-
centration. The display on the display panel 330 is not
limited to lamp display. Numerical values, concentra-
tions, or messages prepared beforehand corresponding
to the concentrations may be displayed. The measure-
ment results may be written on a recording medium load-
ed in the communication unit 350 or may be transmitted
to an external apparatus via the communication unit 350
by the external connection unit 46.
[0109] The input unit 44 may receive selection of a dis-
play method on the display panel 330 according to an
operation signal from the switch 310. Alternatively, the
input unit 44 may receive selection of display of the meas-
urement results on the display panel 330 or output of the
measurement results to the external apparatus. A signal
indicating the contents of selection is output to the control
unit 41, and the control unit 41 outputs a necessary con-
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trol signal to the display unit 45 and/or the external con-
nection unit 46.
[0110] The particle detector 1 utilizes the difference in
characteristic caused between fluorescence F from the
biogenic particles 101 and fluorescence F from the dust
102 for emitting the fluorescence F by heat treatment,
and detects biogenic particles 101 on the basis of an
increase amount after predetermined heat treatment. For
this reason, even when dust 102 for emitting fluores-
cence F is contained in the introduced air, the particle
detector 1 accurately detects biogenic particles 101 sep-
arately from the fluorescence-emitting dust 102 on a real-
time basis.
[0111] The air purifier 300 can efficiently remove the
biogenic particles 101 by utilizing the concentration of
the biogenic particles 101 detected by the particle detec-
tor 1 and by changing the operation state according to
the output from the particle detector 1. That is, when the
output of the particle detector 1 is large and the concen-
tration of the biogenic particles 101 is high, a particle
removing ability of the air purifier 300 can be enhanced,
for example, by rotating the fan 92 at high speed to in-
crease the ventilation amount. When the output of the
particle detector 1 is small and the concentration of the
biogenic particles 101 is low, the particle removing ability
can be reduced. Hence, power-saving operation can be
achieved by decreasing the rotation speed of the fan 92
to reduce the ventilation amount.

[Experiment for Confirming Advantageous Effects of Em-
bodiment]

[0112] To confirm the advantageous effects obtained
by disposing the filter 26 and the filter 37 in the particle
detector 1, the amount of stray light and the fluorescence
intensity in a state in which a predetermined amount of
mold fungus was collected by the substrate 10 were
measured in three states, that is, a state in which none
of the filter 26 and the filter 37 were provided (state 1), a
state in which only the filter 26 was provided, but the filter
37 was not provided (state 2), and a state in which both
of the filters 26 and 37 were provided, and the results
were compared. Figs. 30 and 31 show the results. The
vertical axis of Fig. 30 indicates the amount of detected
light. The amount of detected light refers to the relative
value of the detected light amount in states 2 and 3 when
the detected light amount in state 1 is 100. The vertical
axis of Fig. 31 indicates the signal intensity correspond-
ing to the fluorescence intensity. The signal intensity re-
fers to the relative value of the signal intensity in states
2 and 3 when the signal intensity in state 1 is 100.
[0113] Specifically, referring to Fig. 30, the amount of
stray light in state 2 is about 50% of the amount of stray
light in state 1. This shows that the amount of stray light
due to cleaning residues is reduced by about 50% by
disposing the filter 26. Further, the amount of stray light
in state 3 is about 20% of the amount of stray light in
state 1. This shows that the amount of stray light due to

cleaning residues is reduced by about 80% by disposing
the filter 26 and the filter 37. Therefore, this experiment
shows that disposition of the filter 26 has the effect of
cutting scattering of excitation light due to irregularities
of cleaning residues on the surface of the substrate. Also,
the experiment shows that disposition of the filter 37 fur-
ther increases this effect.
[0114] Referring to Fig. 31, the fluorescence intensity
measured from the substrate 10 in state 2 is not greatly
changed from state 1, but the fluorescence intensity
measured from the substrate 10 in state 3 is about 90%
of that in state 1. This shows that the fluorescence inten-
sity measured from the substrate 10 is reduced by 10%
or more by disposing the filter 37 and that fluorescence
from the nitric acid and the nitric acid compound serving
as cleaning residues are cut. Therefore, this experiment
shows that disposition of the filter 26 has an effect of
cutting fluorescence from the nitric acid compound and
the like serving as cleaning residues. Also, the experi-
ment shows that disposition of the filter 37 further increas-
es this effect.
[0115] Further, the amount of stray light and the fluo-
rescence intensity were measured while variously
changing the cutoff wavelength of the filter 37. Fig. 32
shows the filter characteristics of IR filters used as the
filter 37. Referring to Fig. 32, four types of IR filters having
cutoff wavelengths of 650nm, 700 nm, 750 nm, and 780
nm were used in this experiment. The IR filter having the
cutoff wavelength of 650 nm blocks light having a wave-
length of about 650 nm or more, the IR filter having the
cutoff wavelength of 700 nm blocks light having a wave-
length of about 700 nm or more, the IR filter having the
cutoff wavelength of 750 nm blocks light having a wave-
length of about 750 nm or more, and the IR filter having
the cutoff wavelength of 780 nm blocks light having a
wavelength of about 780 nm or more.
[0116] Fig. 33 is a graph showing measurement results
of the amount of stray light and the fluorescence intensity
when these four types of filters are used as the filter 37.
The vertical axis in the graph indicates the relative value
when the filters are used in a case in which the value
measured without using the IR filters is 100.
[0117] Referring to Fig. 33, both the amount of stray
light and the fluorescence intensity become less than
when the filter 37 is not provided, regardless of the type
of the filter. For this reason, this experiment shows that
fluorescence from the nitric acid compound and the like
serving as cleaning residues and excitation light scat-
tered by the cleaning residues on the surface of the sub-
strate can be cut by disposing the filter 37. The experi-
ment also shows that these effects are obtained when
the cutoff wavelength λi of the filter 37 is longer than or
equal to 650 nm. The experiment further shows that the
decrease rate of the amount of stray light and the de-
crease rate of the fluorescence intensity increase, that
is, the above effects further increase as the cutoff wave-
length decreases.
[0118] It should be considered that the disclosed em-
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bodiment is not restrictive, but is illustrative in all respects.
The scope of the present invention is defined by the
claims, not by the above description. Further, the scope
of the present invention is intended to include all modifi-
cations within the meaning and range equivalent to the
scope of the claims.

Reference Signs List

[0119] 1: particle detector, 2: upper cabinet, 3: intro-
ducing portion, 4: collecting cylinder, 5: lower cabinet,
10: substrate, 11: principal surface, 20: excitation optical
system, 21, 550: light emitting element, 22, 23: exciting-
portion frame, 24: light collecting lens, 25, 31: lens press-
er, 26, 37: filter, 30: light receiving optical system, 32:
Fresnel lens, 32a: matrix, 32b: absorbent, 33: light-re-
ceiving-portion frame, 34, 565: light receiving element,
36: noise shield, 40: measuring unit, 41: control unit, 42:
storage unit, 43: clock generating unit, 44: input unit, 45:
display unit, 46: external connection unit, 48, 70: driving
unit, 50: signal processing unit, 54: voltage converting
circuit, 55: amplifying circuit, 60: collecting unit, 61: col-
lecting power-supply circuit, 62, 530: electrostatic probe,
71: rotary motor, 72: motor holder, 73: motor presser, 76:
position sensor, 80: holding member, 81: rotary base,
82: shaft hole, 83: arm, 91, 520: heater, 97: brush, 92,
500: fan, 96: cleaning unit, 98: brush fixing portion, 100,
101, 600, 600A: particle, 102: dust, 104: excitation-light
irradiation region, 300: air purifier, 310: switch, 330: dis-
play panel, 350: communication unit, 411: calculation
unit, 510: collecting substrate, 560: lens, 600B: powder
dust.

Claims

1. A particle detector comprising:

a collecting member having a principal surface
and configured to electrostatically collect parti-
cles on the principal surface;
an irradiation unit configured to irradiate the par-
ticles collected on the principal surface with ex-
citation light;
a light receiving unit configured to receive fluo-
rescence emitted from the particles by irradia-
tion of the particles with the excitation light; and
a detection unit configured to detect biogenic
particles from the particles collected on the prin-
cipal surface on the basis of a fluorescence in-
tensity in the light receiving unit,
wherein the particle detector further includes a
filter disposed between the principal surface and
the light receiving unit to cut light with a wave-
length emitted by irradiation of the excitation
light from a substance that is generated on the
principal surface when the particles are electro-
statically collected.

2. The particle detector according to Claim 1,
wherein the principal surface is a mirror surface, and
wherein the fluorescence is specularly reflected by
the principal surface.

3. The particle detector according to Claim 1 or 2, fur-
ther comprising:

a heating unit configured to heat the particles,
wherein the filter cuts light with a wavelength of
fluorescence from a substance whose fluores-
cence amount changes between before and af-
ter heating with the heating unit, of the sub-
stance generated when the particles are elec-
trostatically collected.

4. The particle detector according to any of Claims 1
to 3, wherein the filter cuts light with a wavelength
of fluorescence from a nitric acid compound.

5. The particle detector according to any of Claims 1
to 4, wherein a cutoff wavelength λi of the filter is
longer than or equal to 650 nm.

6. The particle detector according to any of Claims 1
to 5,
wherein the light receiving unit includes a light col-
lecting lens, and
wherein the light collecting lens contains a material
that absorbs the excitation light.

7. An air conditioner comprising the particle detector
according to any of Claims 1 to 6,
wherein the air conditioner includes a display unit,
and displays, on the display unit, a detection result
of a number of particles in the air detected by the
particle detector.
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